The author investigates the degree of capital market cointegration of old and new EU member states, and examines whether, and to what extent, the global …nancial crisis had an e¤ ect on it. Capital markets are completely integrated if assets of equal risk have identical expected returns, irrespective of the location of the capital market. Therefore the risk that the investor agrees to take in the integrated international market is the result of common factors and it is not possible to diversify the risk. The degree of …nancial integration of capital markets can be determined by analyzing the movement of market indices. In this paper the multivariate VAR(5) econometric models were set up and tested in order to analyze the multilateral integration of selected capital markets of developed European countries (Britain and Germany) and selected -new EU member states (Slovakia, Czech Republic, Slovenia and Hungary). Input data of
INTRODUCTION
The issue of cointegration between equity markets has recently attracted the attention of many researchers and investors. The reason is that the degree of integration a¤ects the possibility of portfolio diversi…cation in investment activity in various capital markets, in order to avoid country speci…c systematic risk. As capital markets are increasingly integrated, the e¤ect of diversi…cation is reduced. Consequently, because of the relatively low degree of cointegration of emerging capital markets (such as the Slovenian, Hungarian, Czech Republic and Slovak markets) with developed capital markets before joining the EU, investors from developed countries have often chosen diversi…cation in these emerging markets.
Before the global …nancial crisis, relatively high returns also attracted investors to these new markets, but they always took into consideration the higher risks associated with markets that are based upon transitional economies. Because of the increased number of linkages between the economies of "old" and "new" EU countries, one can expect that the degree of cointegration of their markets should also increase, which, as noted above, reduces the bene…ts of diversi…cation, and in turn leads to the disappearance of a substantial motive for investing in those markets. Of course, in the opposite, encouraging, it is increasing the prospects for economic growth in CEE countries arising from their integration into the EU economy.
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Increased equity market co-movements can arise from increased international trade, increased capital mobility, reduction of controls on international capital movements, as well as the various forms of policy alignment associated with the creation of economic unions. Events such as the harmonization of monetary and …scal policies, as well as the introduction of the euro, contribute to the EU capital markets becoming more integrated. There is a wide range of literature that attempts to assess the impact of introducing the euro on the interrelationships of various …nancial markets (Hardouvelis et al., 1999 , Syriopoulos, T. 2007 , Fratzscher, M., 2001 , Kim et. al., 2005 which often show an increased degree of integration after the advent of the euro. Furthermore, the e¤ects of the global …nancial crisis have been particularly devastating for many newly emerging markets, which also substantially reduce the interest of foreign investors for investments in these markets (see Figure  1 ). That is supported by the following facts: SBI20 and BUX indices dropped their value by about 68% from July 2007 to March 2009, and the Prague Stock Exchange index (PX) dropped its value even more (91%) for the same period. Of course, the developed stock markets su¤ered a huge loss as well. The FTSE index in the same period decreased by about 43%, and the DAX index of the Frankfurt Stock Exchange by about 51%. The smallest reduction of its index value was reported by the Slovak Stock Exchange (31%), but this stock exchange has ultimately entered the downward trend, and there is no sign of its stopping that fall. The turnover and market capitalization of the CityplaceBratislava stock exchange in relation to the Slovak economy is very low, which must also be taken into consideration (see Table 1 ). This paper examines the degree of capital market cointegration of old and new EU member states, and investigates whether the global …nancial crisis had a signi…cant e¤ect on this. The author examines the movement of capital market indices of the selected sample of new EU member states (Slovenia, Czech Republic, Hungary and Slovakia) in relation to the movement of the capital market indices of selected developed European countries (Germany and Great Britain). The rest of the paper is organized as follows: the second part gives a brief review of papers dealing with relevant issues; the third part presents the econometric 
LITERATURE REVIEW
There are numerous scienti…c articles that explore the connections between capital markets. Di¤erent approaches were employed in the investigation and various results were obtained. Diverse aspects of equity market relationships have been investigated, including volatility spillovers across markets, market correlation structures, and …nancial crisis contagion. From the entire range of papers, the seminal work of Engle and Granger (1987) and Johansen (1988) , should be emphasized, in which, for the …rst time, cointegration methodology was applied to test the joint movements of capital markets. That methodology is also used in this paper. Most previous studies have dealt with the cointegration of developed capital markets. Developed European capital markets are investigated by Fratzscher (2001) who employed a trivariate GARCH model with time-varying coe¢ cients for a set of 16 countries, 11 of them from the European Union. He discovered a high degree of …nancial integration amongst European equity markets since 1996. Beside Fratzscher, Kim, Moshirian and Wu (2005) also dealt with these markets. They investigated the impact of the EMU on the dynamic process of the integration of selected developed EU countries, using a bivariate EGARCH framework with time-varying conditional correlations. They found unidirectional causality, and concluded that the EMU has been necessary for stock market integration. for any of the stock index pairs or for any of the extended speci?cations. However, they found some signs of short-term spillover e¤ects both in terms of stock returns and stock price volatility. Gilmore, Lucey and McManus (2008) published a paper in which both static and dynamic methods of analysis were applied. Static analysis has shown relatively low levels of short-term correlation as well as a lack of statistically signi…cant cointegration. On the other hand, dynamic analysis showed a slightly more complex picture of the unstable short-run correlations and long-run cointegration with breaks, which is fairly surprising when the strong trade ties between the EU countries and the decade-long process of alignment of CEE countries, both in political and in economic conditions, with the rest of the EU is taken into consideration.
In their work Vizek and Dadiae (2006) explore the bilateral and multilateral integration of capital markets of selected Central and Eastern European countries including Croatia and the German capital market. This paper is particularly interesting because it extends the research to a candidate country for EU membership (Croatia), which has strong economic relationships with the European Union. Although bilateral integration between the studied markets was not found, because of the results of the multilateral integration test, the authors concluded that the forces driving the integration were quite powerful and they expect capital markets to move further towards more complete integration, especially after the countries of The study of Sharma and Wongbangpo (2002) , which analyzes the degree of long-term and short-term co-movements in the stock markets of …ve ASEAN countries, reveals that four out of the …ve capital markets show a long-term cointegration, which is in line with the above mentioned works of the Asian region. This review of the relevant literature is certainly not comprehensive, because of the large number of papers dealing with this issue, but these are, according the author, the most current and most prominent articles.
3 METHODOLOGY AND DATA
METHODOLOGY
If two or more series are cointegrated, it implies that they have a long-run equilibrium relationship, with possible occasional deviations from this equilibrium in the short-run. For example, spot and futures prices are essentially prices of the same asset but with di¤erent delivery and payment dates. From these facts the …nancial theory suggests that these series should be cointegrated, and means that they contain a common stochastic trend. If these series separate from one another, theory says that the e¤ect of market forces will bring them back to follow their long-run relationship. The capital markets cointegration test is based on the very same concept. The test is carried out by investigating the cointegration relationships between series of various stock market indices. There are (at least) three methods that could be used: Engle-Granger, Enle-Yoo and Johansen. The Johansen technique is based on the concept of weak form or covariance stationarity, therefore its de…nition follows below. Weak stationarity of time series means that the time series has a constant mean, a constant variance, and that the covariance between two time periods depends only on the interval, and not the timing Page:319 time series is re ‡ected in the possibility of generalisation of dynamic sample analysis to a whole population in order to make forecasts. Using non-stationary series can lead to spurious regressions. If the variables employed in a regression model are not stationary, then it can be shown that the standard assumptions of analysis will not be valid. In other words, classic t-ratio will not follow t distribution and the classical F-ratio will not follow the F distribution, etc (Brooks, C., 2002, 368) . A test that is used for testing stationarity -Unit Root Test -was developed by Dickey and Fuller (1979) . The test in its initial form was based on the following model:
. Where: y t -the value at time t, y t 1 -the value arising in the previous time point (t-1), -estimated parameter that is used to assess stationarity of the series, -estimated parameter, x' t -exogenous regressors (which may or may not appear in the model) and u t -white noise 2 .
The basic objective of the test is to examine the null hypothesis H 0 : = 1. Alternative hypothesis is H 1 : < 1. If this null hypothesis is accepted, that means that the series contains a unit root, which means that it is not stationary. It also means that the variance of the series y increases with time and tends to 1. If you reject the null hypothesis, this means that the series is stationary. In practice (1) is rarely used. Instead of (1) the existence of a unit root in the series is examined by y t = y t 1 + x 0 t + u t (2), for ease of computation and interpretation. If (2) is employed instead of (1), this means that = 0 is tested, instead of = 1 (because = -1). The test is conducted calculating the ratio of estimated parameter and its standard error (a classical t-test): Page:320
Null hypothesis (the existence of a unit root or non-stationarity) is rejected if the computed value is more negative than the critical value for a given level of signi…cance. This model assumes that u t are not autocorrelated, however, u t , will be autocorrelated if there are autocorrelations of the dependent variable y t . In that case, the solution is to expand the model (2) using p lags of the dependent variable:
. y t i lags will absorb a dynamic structure that might exist in the time series variable y t . With this extension, this test statistics is called the Augmented Dickey-Filler test (ADF). The test statistics is still applied to using (3), and the same critical values. Information criteria can be applied to the dependent variable in order to determine the optimal number of lags (p). The three most popular information criteria are Akaike's (AIC), Schwarz's -Bayesian (SBIC) and Hannan -Quinn (HQIC) information criterion. We will use the number of lags that will minimize the value of employed information criterion. Together with ADF, the Phillips-Perron (PP) test is also often used in practice. The PP test is based upon a somewhat more comprehensive theory of unit root non-stationarity, but it is similar to the ADF test. In practice, many …nancial variables contain one unit root. They are nonstationary in their initial levels, but their di¤erentiation usually gives stationary series. Series that are stationary in levels are said to be integrated of order 0. This would be written I(0). For those that are stationary after the …rst di¤erentiation, are said to be integrated of order 1 -I(1), and those series that became stationary after the second di¤erentiation are I(2), etc. The degree of stationarity is closely associated with the concept of cointegration. In most cases, if two I(1) variables are linearly combined, then the combination will also be I ( Furthermore, if we have two series x 1 and x 2 that are both I(1), and if we put them in the regression model
the third series, variable y, will be generated, and it is also I(1). However, there is also a fourth series u (residual), which is desirable (knowing the characteristics of the residuals), to be I(0). From expression (5), expression
can be obtained. If variable u is I(0) (stationary in levels), it means that original variables x 1 and x 2 are cointegrated (Brooks, C., 2002, 388) . The above de…nition of cointegration is the basis for the cointegration test between two variables. Thus it is necessary to test the residuals of (6) to see whether they are non-stationary or stationary. The ADF or PP test can be used on u t raising the following hypothesis: H 0 : u t˜I (1), and H 1 : u t˜I (0). So, if we do not reject the null hypothesis, that means there is no cointegration. On the other hand, if the null is rejected, it would be concluded that a stationary combination of the non-stationary variables has been found and thus that the variables are cointegrated. If we examine cointegration between only two variables, then there can be at most only one linear combination that is stationary, i.e. at most one cointegrating relationship. However, if there are k variables in the system, in this case, there may be up to r linearly independent cointegrating relationships where r = k -1. This obviously presents a problem for the above-described approach, because it is capable to determine at most one cointegrating relationship, no matter how many variables there are in the system. The answer to this is to use the Johansen method which is based on the VAR (Vector autoregressive model). The VAR model and Johansen technique are brie ‡y explained below. Suppose we have g variables (g = 2) and that they are all I(1). It can be …tted VAR(k) (7) that contains these variables with k lags: (g; 1) (g; g) (g; 1) (g; g) (g; 1) (g; g) (7) In order to use the Johansen test, the VAR above needs to be turned into a vector error correction model (VECM) (Harris, R., Sollis, R., 2003, 521) of the form:
y t = y t k + 1 y t 1 + 2 y t 2 +:::
I g , and i = P i j=1 j I g ( i -above de…ned matrix, and I g unit matrix of order g)
can be de…ned as a long-run coe¢ cient matrix since in equilibrium, all the y t i will be zero. Also in a long-run u t matrix should be equal to zero. The Johansen test centres on an examination of a rank of the matrix via its eigenvalues. The eigenvalues are put in descending, order: 1 2 . . . g . If time series variables are not cointegrated, the rank of matrix will not be signi…cantly di¤erent from zero, i.e. the number of eigenvalues that are signi…cantly di¤erent from zero will be less than the number of variables in the VAR model. The test statistics does not examine i rather ln(1-i ), but still, when i = 0 then ln(1-i ) = 0. In practice two test statistics for cointegration under the Johansen approach are used. These are: Where r is the number of cointegrating vectors under the null hypothesis, and i is the estimated value for the i th ordered eigenvalue from the matrix. Obviously, the larger i is, the more negative will be ln(1-i ), and therefore larger will be the test statistic. The expression (9) is a test which uses all eigenvalues jointly and where the null hypothesis is H 0 -the number of cointegrating vectors is less than or equal to r, and the alternative hypothesis (H 1 ) is that this number is greater than r. The expression (10) is used on each eigenvalue separately, and has as its null hypothesis that the number of cointegrating vectors is r against an alternative of r +1. If the test statistic is greater than the critical value from Johansen's tables, the null hypothesis is rejected in favour of the alternative hypothesis (in both tests). The testing is conducted in a sequence under the null hypothesis r = 0, then r = 1,...,r = g-1. This means that the …rst null hypothesis assumes that matrix has rank zero. If this null is not rejected, the conclusion is that there are no cointegrating relationships between the variables of the VAR model and the test is completed. If H 0 is rejected, it raises a new H 0 hypothesis that examines whether the rank of a matrix is equal to 1. If we accept this hypothesis, this means that there is only one cointegrating relationship between variables in the model, etc.
DATA
The input data consist of daily values of the capital market indices of selected CEE countries that joined the EU in 2004, as well as indices of selected countries of old EU member states. The …rst group contains Slovenian (SBI20), Slovakian (SAX), Czech (PX) and Hungarian (BUX) stock market indices, and the other group contains German (DAX) and UK (FTSE) stock market indices. The analyzed period is from January Source: Author's calculations based on data from FESE and EUROSTAT Regarding the trends of the analyzed stock indices, in Figure 1 we can see that all the stock exchange indices in late 2007 registered downwards trends, and that all of them start to recover by the end of 2008, except the Bratislava Stock Exchange index. Of course, the …gure also shows that the index of the Bratislava Stock Exchange has entered into its downward trend last, and there is no signi…cant sign of its recovery. In addition, the distributions of BUX, DAX, FTSE PX and SAX are more peaked (leptokurtic) relative to the normal, while the SBI20 distribution is ‡at (platykurtic) compared to the normal distribution. Jarque-Bera is a test statistic for testing whether the series is normally distributed. The test statistic measures the di¤erence of the skewness and kurtosis of the series from those of normal distribution. The reported probability is a probability that a critical value of the Jarque-Bera is greater (in absolute terms) than the obtained value. A small probability value leads to the rejection of the null hypothesis of a normal distribution. Because of a di¤erent number of working days, there are a di¤erent number of observations for each series.
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EMPIRICAL RESULTS
UNIT ROOT TEST
In order to determine whether the of time series indices are stationary in levels, …rst di¤erences or even in higher di¤erences, the ADF (Augmented DickeyFuller) and PP (Phillips-Perron) tests are employed. In …nancial practice, the original series typically contain a unit root, i.e. they are non-stationary in their initial levels, but their di¤erentiation usually gives stationary series. Table 3 shows the result of the stationary test of daily stock exchange indices in levels. Null hypothesis is set: H 0 -series is no stationary (has a unit root). This hypothesis will be accepted if the calculated ADF value is greater than the critical value. As shown in the table, the ADF test and PP test suggest for all variables to accept the H 0 hypothesis with a signi…cance level of 5%. In order to avoid autocorrelation of residuals in autoregressive model, lag was selected based upon Akaike information criterion (AIC) and also is given in table 3. Source: Author's calculation using software package EViews 5.0 * Note: ADF and PP tests were carried out including the intercept in test equation. The results of the tests that include both, trend and intercept, as well as the tests that do not include any of them, are not presented here. However, they also suggest the same conclusions. Now, it is necessary to determine whether these series after di¤erentiation become stationary. As in the previous test, the same H 0 hypothesis is set: series is no stationary (it has a unit root). Source: Author's calculation using software package EViews 5.0 * Note: ADF and PP tests were carried out including the intercept in test equation. The results of the tests that include both, trend and intercept, as well as the tests that do not include any of them, are not presented here. However, they also suggest the same conclusions. 
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STATIC COINTEGRATION ANALYSIS
For the integration test of selected capital markets of new EU member states and the capital markets of Germany and Britain, two VAR(5) models are set up on which the Johansen cointegration method is applied. This method has emerged as a very powerful technique for examining common trends in multivariate time series and provides a sound methodology for modelling long-run, as well as shortrun dynamics in the system. Cointegration tests allow us to determine whether the stock prices or index values of di¤erent national markets move together in the long-run with the possible occasional divergences in the short-run. The graphs of the stock market indices (see Figure 1) indicate the existence of a deterministic trend component, which was taken into account when selecting the cointegration test speci…cation. Tables No. 5 and 6 (the …rst test includes the Frankfurt stock exchange index (DAX) and indices of selected CEE stock markets, and the second includes the London Stock Exchange index (FTSE) and indices of selected CEE stock markets). They indicate that the …ve markets that are set in the …rst VAR model generated one cointegrating vector, while the second model did not …nd any cointegrating vector. This result proves the egsistance of global factors, but their strength is still not enough to be able to conclude that there is a complete cointegration between the capital market of new and old member states. The existence of one cointegrating vector suggests that future ‡uctuations of stock indices in one market can be determined or predicted to some extent using the information set provided by the other stock price indices. The presence of equilibrium relationships could be partly attributed to the gradual harmonization of CEE economies with those of the developed EU countries. External forces such as a common commercial policy within the EU, especially common monetary policy for countries in the EMU, have an in ‡uence on markets by focusing them towards long-run equilibrium.
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The dynamics of the integration of capital markets are investigated below.
DYNAMIC COINTEGRATION ANALYSIS
The purpose of the third part of this empirical research is to determine the underlying dynamics of the capital markets integration process. Two approaches are employed: recursive cointegration and a rolling-window approach.
In the …rst method, the Johansen test is calculated over an initial estimation period t which is gradually extended to estimation period t+i, then the Johansen test is calculated again. In the second approach, the estimation window with …xed length (called a rolling-window) was chosen, and it "rolls forward" over time (always retaining its …xed size).
In the …rst case, daily values of the stock indices from January 2001 to December 2002 were chosen for the initial estimation window, and it is extended for sixmonth increments, while in the second approach the initial estimation window is the same (January 2001 -December 2002), but it moves six month forward at a time (retaining its …xed length). In both approaches the Johansen test calculates the relevant trace value. The results are presented in Tables 7 and  8 .
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Due to easier interpretation of the results, the calculated value of trace is rescaled to a critical value (1.0 = 90%). The direction of movement of the presented graphs indicates an increase/decrease level of integration of the respective capital markets (see Figures 2 and 3) . 
FIGURE 2
Recursive trace statistic rescaled to a critical value -signi…cance level 10% Source: Author's calculation based on the data from tables 7 and 8 When the rescaled lambda trace graph is in a growing trend this suggests increasing levels of integration, while the downward trend indicates a reduction of integration of respective markets. Figures 2 and 3 show the evolution of the trace statistic for two multivariate VAR(??) models. One includes stock market indices of selected new EU member states (Slovenia, Hungary, the Czech Republic and Slovakia) in relation to the German stock market index, while the second contains the same indices of new EU member states in relation to the UK stock market index. Lambda trace values are similar in both models, however, a slightly higher degree of integration of capital markets of new EU member states has been recorded in relation to the German capital market than in relation to the London capital market, after mid-2005. It is evident that there are periods of time when the normalized trace value is less than the 90% of critical value (below 1 in the graphs), but the …gures show 3. Entry of old EU member countries' banks into the banking systems of Central and East Europe countries could have made these markets more co-ordinated and integrated (Schmitz, 2004) . This is very important since banks are the single biggest players in emerging countries'equity markets Page:334
If we start from the fact that the consequences of the global …nancial crisis manifested in European …nancial markets from the second half of 2007, and that the recovery of the market (in most cases) followed in the …rst half of 2009, (See Figure 1) , and if we take a look at that period in Figures 2 and  3 , we can come to the conclusion that the beginning of the …nancial crisis was accompanied by reduced levels of co-integration. However, in 2008 when market indices are still in downward direction, the degree of cointegration increased. An explanation for this can be found in the fact that all countries did not enter into a recession at the same time, nor their declines were the same. Furthermore, due to the unequal market recovery in 2009 (Slovak capital market, according to SAX has not started its recovery yet) a reduced level of cointegration was found, which means that in this period, local factors that a¤ect the global price trends prevailed.
CONCLUSION
A very important characteristic of …nancial globalization in the EU, is the strengthening of economic linkages between member countries. They are becoming more and more integrated, as a result of the growth of international trade, banking acquisitions in the CEE, as well as the enlargement of the Monetary Union. International portfolio diversi…cation is less e¤ective across the cointegrated markets, as investment risk cannot be reduced, and portfolio returns can exhibit similar reactions to internal and external shocks. Cointegrated stock indices converge towards a common long-run equilibrium path, as macroeconomic policies in the EU are striving to be more coordinated. Because of this, foreign investors have started to consider EU capital markets as one market. This study reveals a growing trend of integration level between new and old capital markets of the European Union. CE Capital Markets (Slovenian, Hungarian, Slovak and Czech) and German capital markets share one cointegrating vector which suggests that future price ‡uctuations in one market could be determined or predicted to some extent by using the information set provided by Page:335 the other stock price indices. The static cointegration analysis suggests that integration is to some extent present, it increases, but certainly it cannot be concluded that there is a complete cointegration between capital markets. The …nancial crisis was manifested on analysed equity markets at di¤erent moments in time and intensity, and countries start to recover from the crisis at di¤erent times and speeds. Because of this, the results obtained from the dynamic cointegration analysis did not show a signi…cant increase (or decrease) of …nancial integration in the period from the second half of 2007 to the …rst half of 2009.
